WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

B22F 7/06, C04B 37/00, 35/56, C22C 
29/02, 29/00 



Al 



(11) International Publication Number: WO 99/03624 

(43) International Publication Date: 28 January 1999 (28.01.99) 



(21) International Application Number: PCT/US98/ 13000 

(22) International Filing Date: 23 June 1998 (23.06.98) 



(30) Priority Data: 

60/052,899 



16 July 1997 (16.07.97) 



US 



(71) Applicant: THE DOW CHEMICAL COMPANY [US/US]; 

2030 Dow Center, Midland, MI 48674 (US). 

(72) Inventors: MACKI, James, M.; 145 Fair Way Place, Sequim 

WA 98382 (US). NESS, Eric, A.; 8018 South West 
17 1st Place, Beavenon, OR 97007 (US). NILSSON, 
Robert, T.; 735 Wilderness Drive, Midland, MI 48640 
(US). DUB ENS KY, Ellen, M.; 1905 Trail Wood Circle, 
Midland, MI 48642 (US). ROZMUS, Walter, J., Jr.; 
10533 South Walnut Drive, Traverse City, MI 49684 (US)! 
KELTO, Clifford, A.; 41 10 Circle View, Williamsburg MI 
49690-9334 (US). TIMM, Edward. E.; 6860 River Road, 
Freeland, MI 48623 (US). 

(74) Agent: NILS EN, Kevin. J.; Patent Dept., P.O. Box 1967, 
Midland, MI 48641-1967 (US». 



(81) Designated States: CA, JP, MX, European patent (AT BE 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU.'mC 
NL, PT, SE). 



Published 

With international search report. 



(54) Title: A METHOD TO FOR M DENSE COMPLEX SHAPED ARTICLES 
(57) Abstract 



«™£ rt C ° mP PCd r ,ClC having 3 density ° f at least 95 P ercent of ^eoretical density is prepared by placing a pluralitv of 
separate bodies m an arrangement, such that each separate body is in contact with at least one other separate body to form an aggregate body 

T^ m -^^f^ "T* C !? entially denSC - ™ e matCrial ° f each W b °«y is com P™<* ^ a ceS* ^ cerme" 

or a metal. The aggregate body is then consolidated at a consolidating temperature superatmospheric pressure and time at temperatureTnd 
time at superatmospheric pressure sufficient to form a consolidated shaped article. In consolidating the aggregate body tKSSLS! 

X^^^" thal H faiIS lo . f r a Iiquid within at least one separate body and the ^m^^^S^ ^SSSS 

at least a portion of the time at the consolidating temperature. ff"^ ^ 



3NSOOC1D: <WO 9903624A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cate dTvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


FI 


Finland 


LT 


FR 


France 


LU 


GA 


Gabon 


LV 


GB 


United Kingdom 


MC 


GE 


Georgia 


MD 


GH 


Ghana 


MG 


GN 


Guinea 


MK 


GR 


Greece 




HU 


Hungary 


ML 


IE 


Ireland 


MN 


IL 


Israel 


MR 


IS 


Iceland 


MW 


IT 


Italy 


MX 


JP 


Japan 


NE 


KE 


Kenya 


NL 


KG 


Kyrgyzstan 


NO 


KP 


Democratic People's 


NZ 




Republic of Korea 


PL 


KR 


Republic of Korea 


PT 


KZ 


Kazakstan 


RO 


LC 


Saint Lucia 


RU 


LI 


Liechtenstein 


SD 


LK 


Sri Lanka 


SE 


LR 


Liberia 


SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



NSDOCID: <WO 9903624A 1 J_> 



WO 99/03624 



PCT/US98/13000 



15 



20 



25 



30 



A METHOD TO FORM DENSE COMPLEX SHAPED ARTICLES 

The invention relates to a method to form a shaped article from separate 
bodies. In one embodiment, the method produces a shaped composite article from bodies 
of dissimilar materials such as a composite article comprised of a cermet and a ceramic. 

Ceramics and ceramic-metal composites (that is, cermet) are usually formed 
by powder metallurgical methods. A ceramic is an inorganic nonmetallic material, such as 
an oxide, carbide, nitride, boride, silicide or alloy thereof. A cermet is a material containing a 
ceramic and a free metal, such as a cemented tungsten carbide. In forming a ceramic or 
cermet, a powder or powder mixture is shaped into a porous body (that is, greenware) by 
techniques, such as pressing or slip casting. The greenware is then heated to remove 
volatile materials, such as water and plastic binders, and, subsequently, heated to a higher 
temperature to form a dense body. The greenware typically displays a linear shrinkage of 15 
percent. The shrinkage may vary within the part due to differing powder compaction, such 
as between regions having significantly different cross-sectional areas. When the shrinkage 
between two areas is too large, the part tends to crack during heating. 

Several methods have been employed to make complex shaped cermet and 
ceramic bodies via powder metallurgical techniques. Techniques that have been employed 
include machining of the greenware (for example, spark plugs) and injection molding (for 
example, turbocharger rotors). Greenware machining causes significant loss of material 
and, generally, cannot form highly complex or small parts due to, among other things, the 
fragility of the greenware body. Injection molding requires expensive tooling and heating of 
the molded body for long times to remove plastic additives needed to form the body. 

Recently, U.S. Patent No. 5,333,520 disclosed complexed shaped cermets 
made by uniaxially pressing two or more shapes that are placed upon each other with the 
joint between them lying essentially horizontally and, subsequently, sintering to form a 
complex shaped body. The two bodies may be of differing composition, but when the 
compositions are different, the shrinkage must be similar to avoid breakage, thus limiting the 
body compositionally. 

Composite structures of metal, ceramics and cermets have also been formed 
by pressing, in a die, differing powder compositions to form a composite green body (shaped 
porous powder compact). The composite green body has regions that are comprised of 



1NSDOCID: <WO 990362*A1J_> 



WO 99/03624 



PCT/US98/13000 



10 



15 



20 



25 



different powder compositions. The green body is then sintered to form a dense body. 
Examples of this technique are described in U.S. Patent Nos. 4,329,175; 4,372,404 and 
4,602,956. 

Because each of the techniques described above requires the sintering of a 
powder compact having differing compositions, the interface between regions in the body is 
dictated by the sintering. Because of the time and temperature it takes to sinter, the 
interface between regions tends to be diffuse. The variation of composition is also limited by 
the sintering shrinkage between the differing powder compositions. 

Therefore, it would be desirable to provide a method of forming a complex 
shaped or composite body of a metal, ceramic, cermet or combination thereof that avoids 
one or more of the problems of the aforementioned methods. 

A first object of the invention is a method for preparing a consolidated shaped 
article comprising: 

placing a plurality of separate bodies in an arrangement, such that each 
separate body is in contact with at least one other separate body to form an aggregate body, 
and wherein at least one of the separate bodies is essentially dense and the separate bodies 
are comprised of a material that is a ceramic, a cermet or a metal and 

consolidating the aggregate body at a consolidating temperature, 
superatmospheric pressure and time at temperature and time at superatmospheric pressure 
sufficient to form the consolidated shaped article, wherein (i) the consolidating temperature 
is a temperature that fails to form a liquid within at least one separate body, (ii) at least a 
portion of the time at superatmospheric pressure is at the consolidating temperature and (iii) 
the consolidated shaped article has a density of at least 95 percent of theoretical density. 

A second object of this invention is a consolidated shaped article comprised of 
(i) a cermet body directly chemically bonded to (ii) a ceramic body that is comprised of a 
carbide or a carbonitride. 

A third object of this invention is a consolidated shaped article comprised of (i) 
a cermet body directly chemically bonded to (ii) a ceramic body and having (iii) an interface 
that has a thickness of at most 2 mm between said cermet and ceramic body. 
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The instant method may be used to make complex shaped bodies of metals, 
cermets, ceramics and combinations thereof. The method may be used to fabricate items, 
such as drill bits, rock drilling inserts, knives, rotor blades and tubes. 

The present invention is directed to a method for forming complex shaped 
articles that may be comprised of dissimilar materials, wherein the interface between the 
materials may be very narrow. Dissimilar materials, herein, are materials having different 
chemistry, different microstructure or combination thereof. Examples of dissimilar material 
pairs include different compounds (for example, ceramic:metal) different metals (for 
example, Ni alloy.steel), different ceramics (for example, aluminum oxiderzirconium oxide), 
and differing cermets (for example, a cemented carbide having a large carbide grain size 
versus a cemented carbide having a small carbide grain size and a cemented carbide having 
a large amount of binder metal versus a cemented carbide having a small amount of binder 
metal). 

The method first involves placing a plurality of separate bodies in an 
arrangement, such that each separate body is in contact with at least one other separate 
body to form an aggregate body. As an illustration, three separate bodies having the same 
cube shape may be placed one on top of each other forming a columnar aggregate body 
having a top, middle and bottom separate body. The same three cube shaped separate 
bodies may be placed such that one cube shaped body rests on top of two bottom cube 
shaped separate bodies to form a triangular shaped aggregate body. 

A separate body, herein, means a body that supports its own weight and 
defines its own shape (that is, does not conform to another shape such as a coating). 
"Supports its own weight," herein, means the body may be handled by hand without 
substantially deforming or breaking (that is, the body has the same shape before and after 
handling). Thus, the separate body, herein, precludes, for example, foils (for example, 
graphite foil and metal foil), thin wires, threads and a coating on a substrate. 

In forming the aggregate body, at least one of the separate bodies is 
essentially dense. "Essentially dense," herein, means a separate body having a density of at 
least 90 percent of theoretical. Preferably said separate body has a density of at least 93 
percent, more preferably at least 95 percent, even more preferably at least 98 percent, and 
most preferably at least 99 percent of theoretical density. Herein, the theoretical density is 
the theoretical density described on page 530 of Introduction to Ceramics fh , W . D. 
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Kingery et al., John Wiley and Sons, New York, 1976. Preferably each of the separate 
bodies of the aggregate body is essentially dense. More preferably each of the separate 
bodies has a density of at least 95 percent, even more preferably at least 98 percent and 
most preferably at least 99 percent of theoretical density. 

The separate bodies are comprised of a material that is a ceramic, cermet or 
metal. A ceramic, herein, is an inorganic nonmetallic material, such as an oxide, nitride, 
carbide, boride, silicide, mixtures of these and inorganic alloys of these (for example, 
titanium carbonitride and tungsten-molybdenum carbide). The ceramic may be crystalline or 
amorphous or combination thereof. Examples of specific ceramics include aluminum nitride, 
silicon nitride, silicon carbide, tungsten carbide, tungsten carbide-molybdenum carbide, 
aluminum oxide, zirconium oxide, titanium carbide-aluminum oxide and boron carbide. 
Preferably the ceramic is crystalline. It is also preferred that the ceramic is polycrystalline 
(that is, not a single crystal). Preferably the ceramic is a carbide, boride, nitride, combination 
of these or alloy of these ceramics. More preferably the ceramic is a carbide. Even more 
preferably the ceramic is a carbide of a metal such as silicon, boron, titanium, tungsten, 
tantalum, hafnium, zirconium, vanadium, chromium, niobium or combination thereof. Most 
preferably the ceramic is a carbide of tungsten, molybdenum, titanium or combination 
thereof. 

A cermet is a composite of the ceramic just described and a free metal. That 
is to say, the metal is not present in a non-metal compound, such as the ceramic described 
above. Examples of a metal include transition metals, rare earth metals, beryllium, 
magnesium, aluminum and alloys thereof. The metal is preferably Y, Ce, Zr, La, Hf, AI, Be, 
Mg, a first row transition metal (that is, Sc, Ti, V, Cr, Mn, Fe, Co, Ni and Zn) and metal alloys 
thereof. More preferably the metal is Al, Mg, Ti, Co, Ni, Fe. Cu and metal alloys thereof. 
More preferably the metal is Co, Ni, Fe and alloys thereof. Most preferably the metal is 
cobalt and alloys thereof. 

The amount of metal in the cermet may be any amount that is easily detected 
by bulk analysis techniques, such as X-ray diffraction. Generally, the amount of free metal is 
at least 0.5 percent to at most 90 percent by weight of the cermet. Preferably the amount of 
metal is at most 80 percent, more preferably at most 21 percent, even more preferably at 
most 1 8 percent and most preferably at most 6 percent to preferably at least 0.75 percent, 
more preferably at least 1 percent, even more preferably at least 1.5 percent and most 
preferably at least 2.0 percent by weight of the cermet. 

4 
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The metal is as commonly understood and is the same as the free metal 
described above. Preferably the metal is a ferrous metal. 

The separate body may be a body that is porous (that is, not essentially 
dense). A porous separate body has a theoretical density of at most 90 percent of 
theoretical to a porosity, where in the body has insufficient strength to maintain its shape 
during handling and contacting with another separate body. Generally, the density is at least 
40 percent, preferably at least 50 percent, more preferably at least 60 percent and most 
preferably at least 65 percent to preferably at most 85 percent, more preferably at most 80 
percent and most preferably at most 75 percent of theoretical density. 

The separate body that is essentially dense (that is, "essentially dense 
separate body") may be formed by any convenient or known technique for a given type of 
body (for example ceramic, cermet and metal). For example, the ceramic, metal or cermet 
may be formed by a convenient or known powder metallurgical technique. In general, 
powder metallurgical or ceramic techniques involve: (1) mixing of the powder components of 
the body to be produced, (2) shaping a body from the mixed powders, (3) heating the 
shaped body to densify it and (4) optionally machining or finishing the body to its final shape. 
Each of these steps is described in greater detail in Introduction to the Prinrip l^ of Ceramic 
Processing , J. Reed, John Wiley and Sons, New York, 1988 and in Fundamental Print s 
of Powder Metallurgy , W. D. Jones, E. Arnold, London, 1960. An essentially dense cermet 
body may also be formed by infiltrating a metal into a porous ceramic body by a metal 
infiltration technique, such as those described by U.S. Patent Nos. 3,864,154; 4,702,770; 
4,71 8,941 ; 5,039,633; 5,394,929 and 5,595,622. An essentially dense metal body may also 
be formed by the powder metallurgical techniques described above and any convenient 
metallurgical technique, such as those known in the art. Exemplary convenient metal 
25 forming techniques include casting, forging and extrusion described in Manufacture 

Engineering and Technology ?" a Fd S. Kalpakjian, Addison-Wesley Publishing Co., New 
York, 1992. 

A separate body that is not essentially dense "porous separate body" may be 
formed by any convenient process, such as those known in the art. For example, the 
powder metallurgical or ceramic technique just described for making an essentially dense 
separate body may be used, except that the shaped body from the mixed powders is not 
heated or is heated insufficiently to form an essentially dense body (that is, forms a porous 
separate body). 

5 



20 



30 



BNSDOCID: <WO 9903624A1_I_> 



WO 99/03624 



PCT/US98/13000 



10 



In a first preferred embodiment, the separate bodies of the aggregate body 
are comprised of a material selected from a cermet or a ceramic. In this embodiment, it is 
preferred that a separate body consisting of the ceramic (that is, "ceramic separate body") is 
in contact with a separate body consisting of the cermet (that is, "cermet separate body"). 
Preferably when there is a ceramic body and a cermet body in the aggregate body, the 
cermet body is in contact with a ceramic that is tungsten carbide, molybdenum carbide, 
hafnium carbide, titanium carbide, vanadium carbide, chromium carbide, niobium carbide, 
tantalum carbide, zirconium carbide, alloys of these carbides or mixtures of these carbides. 
It is understood that these carbides essentially lack a binder metal, such as cobalt in the free 
metal state (herein binderiess carbide). For example, the carbide generally has at most 0.5 
percent by weight of a binder metal such as Fe, Co and Ni and said metal is alloyed with the 
carbide (that is metal is not free metal). The ceramic is more preferably a binderiess 
tungsten carbide, described by U.S. Patent Nos. 5,563,107 and 5,612,264, or tungsten 
carbide-molybdenum carbide alloy, described by U.S. Patent Nos. 4,945,073; 5,215,945; 
15 5,223,460 and 5,256,608. 

The cermet of the first preferred embodiment is preferably a cemented 
carbide. A cemented carbide is a carbide having a binder metal, the carbide being one of 
those described in the previous paragraph. The binder metal is a metal such as iron, nickel 
and cobalt. The binder metal is present in a sufficient quantity, such that free metal is 
20 present in the cemented carbide body. Preferably the total amount of binder metal is at most 
18 percent to at least 2 percent by weight of the cermet body. More preferably the amount 
of binder metal is at most 10 percent to at least 4 percent by weight of the cermet separate 
body. 

Most preferably the aggregate body of the first embodiment is comprised of 
25 one separate body that is an essentially dense binderiess tungsten carbide or binderiess 
tungsten carbide-molybdenum carbide, in contact with one essentially dense cemented 
tungsten carbide. Preferably the binderiess tungsten carbide or tungsten carbide- 
molybdenum carbide separate body has a density of at least 99 percent of theoretical. 
Preferably the cemented tungsten carbide body also has a density of at least 99 percent of 
30 theoretical. 

In a second preferred embodiment, each of the separate bodies of the 
aggregate body is comprised of a cermet. Preferably the cermet has a binder metal and a 
binder metal concentration described previously for the first preferred embodiment. 

6 
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Preferably the aggregate body of the second embodiment is comprised of a first separate 
body that is different than a second separate body contacting said first body. Different 
means, in this specific context, that the first body has (1) a binder metal concentration that is 
at least 1 percent by volume different than the binder metal concentration of the second 
5 body or (2) an average ceramic grain size that is at least 1 0 percent different than the 
average ceramic grain size of -the second body. More preferably the first and second 
separate bodies are comprised of cemented tungsten carbide. Preferably the binder metal 
concentration of the first body and second body fall within the range of 2 percent to 18 
percent by weight. Preferably the binder metal of the first and second cemented carbide 
10 bodies is cobalt, iron, nickel or combination thereof. More preferably the binder metal is 
cobalt. 

In the second embodiment, it is also preferred that each of the separate 
bodies is essentially dense, more preferably each of the separate bodies has a density of at 
least 99 percent of theoretical density. 

15 The average ceramic grain size (for example, WC grain size in a cemented 

tungsten carbide body) may be determined from a scanning electron micrograph (SEM) of a 
polished section of the body, wherein the average grain size may be determined by the 
intercept method described by Underwood in Quantitative Stereology . Addison Wesley, 
Reading, MA., (1970). The amount of binder metal may be determined by a known 

20 technique such as X-ray diffraction. 

In a third preferred embodiment, at least one of the separate bodies is a 
porous body. Preferably the porous body is a ceramic or a cermet. Preferably the porous 
body is contacted with an essentially fully dense separate body that is a cermet or a ceramic. 

When selecting separate bodies to be contacted to form the aggregate body, 
25 which eventually forms a dense consolidated shaped body, it is preferred that each separate 
body contains at least one element or compound that can react to form a new phase or can 
form a solution (that is, alloys) with at least one element or compound of the body or bodies 
it is in contact with. As an illustration, the WC of a binderless tungsten carbide alloys with 
the cobalt of a cemented tungsten carbide to form a W-Co-C phase. However, it is not 
30 necessary for the separate bodies to have said elements or compounds to form the 

consolidated dense article of this invention. For example, a sufficient bond may be achieved 
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between two bodies of differing materials due to a mechanical bond, such as a compressive 
force due to thermal expansion mismatch of the dissimilar separate bodies. 

Also, when selecting separate bodies to form the aggregate body, the 
materials of the separate bodies should not be so dissimilar that the aggregate body cannot 

5 be formed into the dense consolidated shaped body of this invention. For example, the 

temperature that a first porous body densities should not be so different than a porous body 
it contacts, such that the first body fails to densify or alternatively slumps, due to melting of 
one or more of its components. The present invention, where all of the separate bodies are 
essentially dense, avoids the cracking problem of the prior art associated with shrinkage of 

10 porous powder bodies. 

Also, for example, the separate bodies in contact should not have such 
disparate thermal expansion coefficients that one of the contacting bodies cracks upon 
consolidation. The separate bodies, generally, should have a thermal expansion coefficient 
that is near the thermal expansion coefficient of the other separate bodies to avoid cracking 

15 of the article. For example, in choosing a separate body, the body's coefficient of thermal 
expansion should be from 50 percent to 200 percent of the thermal expansion coefficient of 
the separate body it is in contact with, wherein the thermal expansion is the thermal 
expansion of a dense body (that is, a density of at least 95 percent of theoretical density). 
Preferably, the separate body has a thermal expansion coefficient that is at least 80 percent, 

20 more preferably at least 90 percent to at most 120 percent more preferably at most 110 
percent of the thermal expansion coefficient of each of the separate body or bodies it 
contacts. 

To form the consolidated shaped article, it is necessary that the separate 
bodies are contacted to form the consolidated shaped article. It is preferred that the 

25 separate bodies are placed in contact in the absence of a bonding agent, such as a brazing 
compound (for example, metal). It is also preferred that the aggregate body is wrapped with 
a barrier layer, such as graphite foil or boron nitride, to maintain the positions of the separate 
bodies of the aggregate body and to impede the penetration, for example, by the viscous 
pressure transmitting material of the ROC process, described herein, between the separate 

30 bodies. 

The aggregate body is then consolidated at a temperature, superatmospheric 
pressure, time at temperature and time at superatmospheric pressure sufficient to form the 

8 
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consolidated shaped article. The consolidated shaped article has a shape defined by each 
of the separate bodies used to make said article. 

The consolidation temperature is dependent on the materials of the separate 
bodies in an aggregate body and said temperature must be a temperature that fails to form a 
liquid within (that is, not at the .interface but in the interior of the body) at least one separate 
body during consolidation of the aggregate body to form the consolidated shaped article. 
That is to say, the temperature must be below a temperature where a liquid would form in a 
lone separate body subjected to the consolidation temperature, under the same conditions 
present when consolidating the aggregate body. Of course, it is readily apparent that at the 
interface of any separate body a liquid may be present, for example, from a contacting 
separate body that does form a liquid at the consolidation temperature. Preferably the 
consolidation temperature is a temperature where a liquid fails to form in any of the separate 
bodies of the aggregate body, including the interface between said separate bodies. For 
example, when each of the separate bodies is a cemented tungsten carbide-cobalt body, the 
consolidation temperature is below the temperature where a cobalt-tungsten carbide eutectic 
liquid forms. 

A suitable consolidating temperature is from 500°C to 1 800°C. As an 
illustration, when ROCing, described herein, cemented tungsten carbide separate bodies, 
binderless tungsten carbide bodies or combinations thereof, a suitable temperature range is 
from 900°C to 1350°C, preferably the temperature range is from 1000°C to 1325°C, more 
preferably from 1100°C to 1300°C, and most preferably from 1150°C to 1275°C. 

The time at the consolidating temperature (time at temperature) is desirably 
as short as possible, while still forming the consolidated shaped article. The time should be 
a time that fails to cause exaggerated grain growth within any of the separate bodies, while 
still achieving the desired density of the consolidated shaped article. Suitable times range 
from 1 minute to 24 hours. Preferably the time is at most 12 hours, more preferably at most 
6 hours, even more preferably at most 3 hours and most preferably at most 1 hour to 
preferably at least 5 minutes, more preferably at least 10 minutes, and most preferably at 
least 15 minutes. 

The entire time, or only a portion of the time at the consolidating temperature, 
may be at the superatmospheric pressure, according to this invention (that is, the time at 
superatmospheric pressure is less than or equal to the time at temperature). For practical 
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reasons, the time at superatmospheric pressure is advantageously as short as possible 
while still attaining the consolidated shaped article. Preferably the time at superatmospheric 
pressure at the consolidating temperature is at most 30 minutes, more preferab.y at most 10 
minutes, even more preferably at most 60 seconds, and most preferably at most 15 seconds 
5 to preferably at least 2 seconds. 

The superatmospheric pressure at the consolidating temperature should be a 
pressure greater than atmospheric pressure that is capable of forming the consolidated 
shaped article. However, the superatmospheric pressure should be less than a pressure 
where the body would catastrophically fail, for example, due to (1) excess plastic 
I0 deformation or (2) exceeding the compressive strength of the materia! of one or more of the 
separate bodies. Preferably the superatmospheric pressure is at most 1 ,000,000 pounds 
per square inch "psi" (6.89 GPa), more preferably at most 500,000 psi (3.45 GPa) to 
preferably at least 10,000 (68.9 MPa) psi, more preferably at least 50,000 psi (345 MPa), 
and most preferably at least 1 00,000 psi (689 MPa). 

Representative methods for consolidating the aggregate body include Rapid 
Omnidirectional Compaction (ROC), hot isostatic pressing (HIP), or the methods described 
in U.S. Patent Nos. 4,667,497; 4,853,178; 5,246,638 and 5,348,694. Preferably the method 
is ROC, various aspects being taught by Timm (U.S. Patent No. 4,744,943). Lizenby (U.S. 
Patent Nos. 4,656,002 and 4,341,557), Rozmus (U.S. Patent No. 4,428,906) and Kelto 
( Metals Handbook , "Rapid Omnidirectional Compaction," Vol. 7, pages 542-546). 

In the ROC process, according to the present invention, the aggregate body 
generally is first embedded in a pressure transmitting material that acts like a viscous liquid 
at the consolidating temperature, the material and body being contained in a shell. The 
aggregate body is desirably enveloped in a barrier layer, such as graphite foil or boron 
nitride. The barrier layer may also maintain the contact of the separate bodies, allowing the 
bodies to be configured without regard to orientation. Suitable pressure transmitting 
materials include glasses that have sufficient viscosity so that the glass fails to penetrate the 
body under an applied pressure. Representative glasses include glasses containing high 
concentrations of silica and boron. A commercial glass useful in the temperature range from 
1000°C to 1400°C is PYREX® 7740 glass. Pressure transmitting materials are described in 
more detail in U.S. Patent Nos. 4,446,100; 3,469,976; 3,455,682 and 4.744,943. 
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The shell containing the aggregate body or bodies and pressure transmitting 
medium preferably forms an enclosed right cylinder that can be placed in pot die tooling of a 
forging press. The pot die tooling, as it is known in the forging industry, consists of a 
cylindrical cavity closed at one end by an ejector assembly and at the other by a cylindrical 
ram. Upon compression in the tooling, the shell must distort predictably and not crack or 



leak 



The preferred shell material for the temperature range from 150°C to 1650°C, 
using glass pressure transmitting media, is a shell cast of a thixotropic ceramic, as described 
by U.S. Patent No. 4,428,906, at col. 3, lines 58-68, and col. 4, lines 1-27. The thixotropic 
ceramic material comprises a ceramic skeleton .network and pressure transmitting material 
that deforms or fractures, allowing compression of the pressure transmitting material while 
retaining enough structural integrity to keep the pressure transmitting fluid from leaking out 
of the pot die. 

Once the aggregate body or bodies are embedded in the pressure 
transmitting material contained in the shell, this shell assembly is heated in an inert 
atmosphere, such as a noble gas to a temperature suitable for forging. The temperature of 
this step is as described previously. The time at temperature must be a time sufficient to 
completely fluidize the pressure transmitting medium and to bring the aggregate body or 
bodies to a temperature roughly in equilibrium with the temperature of the pressure 
transmitting material. Typical times range from 1 to 3 hours for both heating to the 
consolidating temperature and maintaining the consolidating temperature. The time at the 
consolidating temperature is maintained generally from 1 to 30 minutes before being pressed 
in the pot die of the forging pressed, described below. 

The heated shell assembly is pressed in a forging press, as described below 
and by Timm, U.S. Patent No. 4,744,943. at col. 9, lines 50-68, and col. 10, lines 1-3. The 
heated shell is pressed in the forging press by compressing the assembly with a ram in a 
closed cavity, such as the pot die tooling previously described. As the ram compresses the 
assembly in the cavity, the pressure transmitting material exerts a large hydrostatic pressure 
on the articles to consolidate them. The shell material of the assembly flows into the 
clearance between the ram and pot die and forms, in effect, a pressure seal so that the liquid 
pressure transmitting material does not escape into the pot die. After pressing, the shell 
assembly is ejected from the pot die. 
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After ejection from the pot die, the consolidated shaped article or articles are 
separated from the pressure transmitting material (PTM) by a method, such as pouring the 
liquid PTM through a screen, the densified bodies being retained on the screen which is 
described in greater detail in Timm, U.S. Patent No. 4,744,943, at col. 10, lines 5-27. Any 
5 residual material remaining on the article or articles may be removed, for example, by sand 
blasting. The entire assembly' may also be cooled to room temperature before removing the 
article or articles. The article or articles are, subsequently, removed from the hardened 
glass PTM, for example, by breaking the glass PTM with a hammer. Further finishing of the 
consolidated shaped article or articles may be performed by techniques, such as grinding 
10 and polishing. 

The aggregate body after ROCing forms a consolidated shaped article that 
has a density of at least 95 percent of theoretical. Preferably the consolidated article has a 
density of at least 98 percent, more preferably at least 99 percent and most preferably at 
least 99.5 percent of theoretical. 



15 



Surprisingly, the interface between the separate bodies in the consolidated 
shaped article generally has a strength that is at least equal to the strength of the rest of the 
consolidated shaped article (that is, the shaped article, when it breaks, generally does not 
break at an interface). The interface between two separate bodies of dissimilar materials 
(for example, cermets having different binder metal concentrations) in the consolidated 
20 shaped body is also, generally, narrow. The interface is the region between separate 
bodies, after being consolidated, where the chemical composition or microstructure is 
different than the bulk of the consolidated separate bodies. However, if desired, the 
interface may be diffused by further heating after consolidating the separate bodies into the 
consolidated article. 



25 



30 



After consolidating, for example, by ROG at a consolidating temperature 
where a liquid fails to form in at least one of the separate bodies, the interface between 
separate bodies within the consolidated shaped article, generally, is at most 2mm, 
preferably, in ascending preference, the interface is at most 1 mm, at most 0.75 mm, at most 
0.5 mm, 0.25mm, 0.1 mm, 50 micrometers and most preferably at most 25 micrometers. 

The interface length and width, herein, are defined by the plane formed by the 
contact, for example, of a first and second body. The thickness of the interface is the 
distance measured orthogonal to the length and width of the interface. For example, when 
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measuring the interface thickness beginning from the first body and moving toward the 
second body, the interface thickness is the distance starting at a point where at least one 
property, such as microstructure (for example, grain size), chemistry (for example, binder 
metal concentration of two contacting cermet bodies) or physical property (for example, 
5 hardness) is 1 0 percent different than the bulk property of the first body to a point where the 
same property is 10 percent different than it is in the bulk of the second body. 

The measurement or measurements of microstructure, chemistry or physical 
property used to determine the interface thickness may be made on a polished section by a 
known technique, such as previously described for grain size, electron diffraction of a 
10 scanning electron microscope's electron beam or Vickers hardness. 

The method advantageously forms a consolidated shaped article of a cermet 
and a ceramic. The cermet-ceramic article comprises a cermet directly chemically bonded 
to a ceramic that is a carbide or a carbonitride. Preferably the ceramic is harder than the 
cermet. Directly chemically bonded is a bond formed in the absence of a bonding agent, 

15 such as a brazing metal, metal interlayer or adhesive, such as an epoxy resin. That is to 

say, the interface is comprised of the constituents of the ceramic, cermet, reaction product of 
said constituents, or combination thereof. Preferably the cermet-ceramic body is formed 
using an essentially dense ceramic and essentially dense cermet, the cermet having a total 
amount of binder metal of at most 6 percent by weight to at least 2 percent by weight of the 

20 cermet. The ceramic is preferably comprised of a carbide and more preferably a binderless 
tungsten carbide or tungsten carbide-molybdenum carbide. The cermet is preferably 
comprised of a tungsten carbide-cobalt cemented carbide. 

The cermet-ceramic article is preferably a rock drilling insert. The rock drilling 
insert preferably has the ceramic bonded to the cermet, such that the ceramic first contacts 
25 the rock during drilling. The rock drilling insert results in less wear compared to a rock 
drilling insert made only from cermets, such as cemented tungsten carbides. 

The following example is solely for illustrative purposes and is not to be 
construed as limiting the scope of the present invention. 

Example 

30 A binderless tungsten carbide-molybdenum carbide body available under the 

Trademark ROCTEC™ 100, is contacted with a commercially available cemented tungsten 
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carbide body having 10 percent by weight cobalt to form an aggregate body having a shape 
useful for rock drilling. The aggregate body was then wrapped with graphite foil to maintain 
the separate bodies positional relationship. 

The cemented tungsten carbide body was a right cylinder that had been 
5 sliced on one end to form a w.edge-like shape similar to the wedge of a screwdriver. The 

right cylinder had a diameter of 0.45 inch and a total length including the wedge-like shape of 
0.6 inch. The flat wedge surfaces extended from the sliced end of the cylinder to a 
maximum of 0.2 inch (that is t slicing of an end of a cylinder creates, for example, a 
semicircular wedge surface) to the unsliced end of the cylinder. The binderless carbide body 
10 had a shape that essentially covers one of the flat wedge-like surfaces formed by slicing the 
end of the right cylinder and was 0.03 inch thick. Both the binderless carbide and the 
cemented carbide had a density of greater than 99 percent of theoretical density. The 
Vickers hardness of the cemented tungsten carbide was 1300 Kg/mm 2 as determined by the 
method described by ASTM E384 using a load of 30 Kg and a dwell time of 15 seconds. 
15 The Vickers hardness of the binderless carbide was 2700 Kg/mm 2 . 

The wrapped aggregate body was then placed into a fluid die containing 
PYREX glass frit. The fluid die containing the wrapped aggregate body was placed in a 
furnace for 2.5 hours. The furnace was purged continuously with nitrogen and was 
maintained at 1275°C (ROC preheat temperature). Upon being placed in the furnace and 
maintained at 1275°C, the fluid die and parts heated up to 1275°C within 2 to 2.5 hours. The 
time the fluid die and parts were at the preheat temperature (1275°C) was determined to be 
15 to 30 minutes. The fluid die containing the wrapped aggregate body, while still at 1275°C, 
was then rapid omnidirectionally compacted (ROCed) for 10 seconds at 830 MPa. The fluid 
die was allowed to cool to ambient temperature and the consolidated shaped article was 
removed from the PYREX glass that is formed from the PYREX frit. 

The shaped article had an interface thickness of less than 0.4 mm, as determined by optical 
microscopy of a polished section that orthoganally intersects the interface between the 
binderless carbide and cemented carbide of the consolidated shaped article formed after 
ROCing. The consolidated shaped article is useful as a rock drilling tool. 
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CLAIMS : 

1 . A method for preparing a consolidated shaped article comprising: 

placing a plurality of separate bodies in an arrangement, such that each 
separate body is in contact with at least one other separate body to form an aggregate body 
and wherein at least one of the separate bodies is essentially dense and the separate bodies 
are comprised of a material that is a ceramic, a cermet or a metal; and 

consolidating the aggregate body at a consolidating temperature, a 
superatmospheric pressure and a time at temperature and a time at superatmospheric 
pressure sufficient to form the consolidated shaped article, wherein (i) the consolidating 
temperature is a temperature that fails to form a liquid within at least one separate body, (ii) 
at least a portion of the time at superatmospheric pressure is at the consolidating 
temperature and (iii) the consolidated shaped article has a density of at least 95 percent of 
theoretical density. 

2. The method of Claim 1 wherein each of the separate bodies is essentially 

dense. 

3. The method of Claim 1 wherein the material is either the cermet or the 

ceramic. 

4. The method of Claim 3 wherein the aggregate body is comprised of a 
separate body consisting of the ceramic in contact with a separate body consisting of the 
cermet. 

5. The method of Claim 4 wherein the ceramic is a binderless carbide that is 
selected from tungsten carbide, molybdenum carbide, hafnium carbide, titanium carbide, 
vanadium carbide, chromium carbide, niobium carbide, tantalum carbide, zirconium carbide 
or alloys thereof and the cermet is a cemented tungsten carbide. 

6. The method of Claim 5 wherein the binderless carbide is tungsten carbide 
or a tungsten carbide-molybdenum carbide alloy. 

7. The method of Claim 6 wherein the cemented tungsten carbide has a 
binder metal concentration of at most 18 percent by weight to at least 2 percent by weight. 
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8. The method of Claim 7 wherein the binder metal concentration is at most 
10 percent to at least 4 percent by weight. 

9. The method of Claim 8 wherein the binder metal is cobalt, iron or nickel. 

10. The method of Claim 9 wherein the binder metal is cobalt. 

5 1 1 . The method of Claim 3 wherein each of the separate bodies is essentially 

dense. 

12. The method of Claim 1 wherein the material of each separate body of the 
aggregate body is the cermet. 

13. The method of Claim 12 wherein the cermet is a cemented tungsten 

10 carbide. 

14. The method of Claim 12 wherein the aggregate body is comprised of a 
first separate body in contact with a second separate body wherein the first body has (1) a 
binder metal concentration that is at least 1 percent by volume different than the binder 
metal concentration of the second body or (2) an average ceramic grain size that is at least 

15 10 percent different than the average ceramic grain size of the second body. 

15. The method of Claim 12 wherein each of the separate bodies is 
essentially dense. 

16. The method of Claim 1 wherein at least one of the separate bodies is a 

porous body. 

20 17 - The method of Claim 16 wherein the porous body is comprised of either 

the cermet or the ceramic. 

18. The method of Claim 17 wherein the porous body is in contact with a 
separate body that is essentially dense and is comprised of either the cermet or the ceramic. 

19. The method of Claim 1 wherein the consolidating temperature is a 
25 temperature that fails to form a liquid within any of the separate bodies. 

20. The method of Claim 1 wherein the consolidating step is performed by 
rapid omnidirectional compaction. 
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21 . A consolidated shaped article comprised of (i) a cermet body directly 
chemically bonded to (ii) a ceramic body comprised of a carbide or a carbonitride. 

22. The article of Claim 21 wherein the article is a rock drilling tool. 

23. The article of Claim 22 wherein the ceramic body is a binderless carbide 

5 24. The article of Claim 23 wherein the binderless carbide is tungsten carbide 

or tungsten carbide-molybdenum carbide. 

25. The article of Claim 23 wherein the cermet body is a cemented carbide. 

26. The article of Claim 25 wherein the cemented carbide is a tungsten 
carbide-cobalt cemented carbide. 

10 27. The article of Claim 26 wherein the tungsten carbide-cobalt cemented 

carbide has a cobalt concentration of 2 percent to 6 percent by weight of the cemented 
carbide. 

28. A consolidated shaped article comprised of (i) a cermet body directly 
chemically bonded to (ii) a ceramic body and having (iii) an interface that has a thickness of 
15 at most 2 mm between said cermet and ceramic body. 
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